Renal ischemia/reperfusion (I/R) is a common cause of acute renal failure in many clinical settings. Our study aimed to elucidate the role of lentiviral vector-mediated KSR1 gene silencing in inflammatory factor expression and proliferation of renal tubular epithelial cells (RTECs) in a rat model of I/R injury. Male Sprague-Dawley (SD) rats were used for I/R model establishment and subject to different treatments, followed by the measurement of neurological severity score (NSS), tumor necrosis factor-α (TNF-α), interleukin (IL)-6, IL-1β, 47-kDa heat-shock protein (HSP47), KSR1, and factors related to the Ras/MAPK pathway, as well as cell apoptosis. As compared with the blank group, the neurologic impairment induced by I/R in the siKSR1, U0126, and siKSR1 + U0126 groups was alleviated. Compared with the control group, the other five groups showed increased levels of TNF-α, IL-6, IL-1β, HSP47, N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, and cell apoptosis, accompanied by a declined mRNA and protein level of Bcl-2. As compared with the blank and NC groups, the siKSR1, U0126, and siKSR1 + U0126 groups showed decreased levels of TNF-α, IL-6, IL-1β, HSP47, N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, cleaved caspase-3, cleaved caspase-9, p53, and cell apoptosis, accompanied by an increased mRNA and protein level of Bcl-2. Our findings demonstrated that KSR1 gene silencing might inhibit the expression of inflammatory factors in RTECs and promote their proliferation by inactivating the Ras/MAPK pathway in the rat model of I/R injury.
Introduction
Ischemia/reperfusion (I/R) injury is featured by the restriction of blood supply to some organs and subsequent restoration of blood flow and oxygenation [1] . As an inevitable consequence of sepsis, infarction, and organ failure, I/R can increase tissue damage by initiating some inflammatory cascades, i.e. the activation of cytokines, reactive oxygen species (ROS), chemokines, and leukocytes [2, 3] . Renal I/R injuries are the primary reason for high mortality of acute renal failure [4] . Renal I/R also contributes to a pathological condition called acute kidney injury, which is a clinical syndrome associated with high mortality and rapid onset of kidney dysfunction [5, 6] . The pathophysiology of renal I/R injury is very complicated, while some pathological processes, including the release of ROS, the activation of neutrophils, and the activation of inflammatory mediators including cytokines and adhesion molecules [1] , are implicated in the onset of renal I/R injury. In addition, renal I/R injury induces the activation of an inflammatory cascade leading to more renal damages, and hence the inhibition of inflammatory responses during renal I/R injury is often regarded as a therapeutic method to protect kidney tissues [7, 8] . Many pharmaceutical agents exert protective effects against I/R injury through certain anti-inflammatory activities mentioned below.
Kinase suppressor of Ras 1 (KSR1) is one of the molecular scaffolds in the Raf/MEK/ERK cascade, which is known to promote oncogenic Ras signaling [9] . KSR1 can coordinate the signaling via the regulation of the Raf/MEK/ERK kinase cascade, and hence can support the transformation of KSR1 upon Ras induction [10] . Murine KSR1 was first found to work with activated Ras to activate MAPK and MEK, thereby enhancing cellular transformation and Xenopus oocyte maturation [11] . KSR1 functions as a loss-offunction allele and can reverse the phenotype of hyperactive Ras mutant, indicating that KSR1 is needed for proper Ras signaling [9, [12] [13] [14] [15] . Some studies also demonstrated that KSR1 physically binds to Raf/MEK/ERK to regulate their activities in various cellular processes [16] [17] [18] . Importantly, it was indicated that the transduction of MAPK signal might potentially play a regulatory role in tissues responses post I/R injury [19] . However, the effects of KSR1 gene silencing on the expression of inflammatory factors in renal tubular epithelial cells (RTECs) remain unclear.
In this study, using a rat model of I/R injury established, we aimed to investigate the effect of lentiviral vector-mediated KSR1 gene silencing on RTEC proliferation and the expression of inflammatory factors in RTECs. The results from our study are expected to facilitate the development of novel therapies.
Materials and Methods

Ethics statement
This study was conducted under the approval of the Ethics Committee of the First Hospital of Jilin University. Animal husbandry and the experiments were performed in strict accordance with the guidelines for Laboratory Animal Housing Environment and Facilities (GB14925-2001) and the Regulations on the Management of Experimental Animals. Our animal facilities were accredited by the Association for Assessment and Accreditation of Laboratory Animal Care International (AAALAC).
Study subjects
Sixty Sprague-Dawley (SD) male rats (age: 6 weeks; weight: 200 ± 20 g) purchased from the Experimental Animal Center, Xiangya Medical College of Central South University were enrolled into our study. All rats were housed in an environment of 50%-60% humidity, under a temperature of 22-24°C and a 12-h light-dark cycle. All rats had free access to water and food. Eight rats were randomly selected as the control group and the remaining 52 rats were used for the model establishment.
I/R model establishment
Rats in the model group were fasted for 12 h before the operation, although they were given adequate drinking water. During the operation, the rats were anesthetized with 5% pentobarbital sodium (45 mg/kg) by intraperitoneal injection, and fixed in a supine position. A 3-4 cm incision was cut in the middle of the lower abdomen to fully expose the right kidney. After dissociation of the right renal pedicle, the right kidney was removed and the left renal artery was separated using a glass sub-needle. Subsequently, the left renal artery was clamped with an arterial clip. Within 3-5 min, the color of kidneys changed from bright red into black and purple, and the arterial clip was then removed after 45 min of complete blood flow blockage. The perfusion was then restored and the color of the kidneys changed from black and purple into red, indicating the presence of successful reperfusion [20] . Afterwards, the abdominal incision was sutured and the specimens were collected 24 h later.
Construction of the lentiviral vector
siRNA sequence was designed according to the full-length sequence of KSR1 mRNA in GenBank (GI: 1133509476), and a target sequence conforming to our design principle was found in the KSR1 coding region. Using the BLAST software, the homology between the target sequence and other unrelated genes was identified, and the siRNA oligonucleotide strands were designed ( Table 1) and synthesized by Shanghai Sangon Biological Engineering Technology & Services Co., Ltd (Shanghai, China). The synthesized siRNA was then inserted into a lentiviral plasmid pGIPZ (Open Biosystems, Huntsville, USA) and transformed into DH5α competent cells (Solaibao Biotechnology Co., Shanghai, China) to select recombinant clones. After sequencing by polymerase chain reaction (PCR), correct recombinant plasmids were extracted. In the next step, 293T cells (Shanghai Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences, Shanghai, China) were transfected by using the calcium phosphate and the virus supernatant was collected 48 h later. After filtration by a microporous filtering film and subsequent ultracentrifugation, the virus precipitation was re-suspended in ice-cold phosphate buffered saline (PBS) to obtain the siRNA lentivirus of KSR1 packaging particles (KSR1-siRNA). GATTCCGCTGTCACCTGAATATTCAGATTTTCAGG  TTCTTGATTTACAGCAAGACTGGAAGAAA  siKSR1-1  GATTCCCACCTGAAGCTGTTCAAGAATTCAAGAG  ATTCTTGAACAGCTTCAGGTTTTTTGGAAA  siKSR1-2  GATCCCCCCAAGAATGTCTTCTATGATTCAAGAGA  TCATAGAAGACATTCTTGGTTTTTGGAAA  siKSR1-3 GATCCCCGAACCAACTGAAACTGTCATTCAAGAG ATGACAGTTTCAGTTGGTTCTTTTTGGAAA NC, negative control; siKSR1, KSR1-siRNA.
Immunofluorescence assay
Cells were seeded in the 6-well plate with 2 ml of complete medium (D5546; Sigma, San Francisco, USA) and incubated overnight at 37°C in a CO 2 incubator. When the cells reached 50%-80% confluence, the following solutions were prepared in a sterilized centrifuge tube: solution A (4 μg purified DNA diluted into 250-ml serum-free medium and kept for 5 min) and solution B (2-25 ml LipofectAMINE diluted into 250 ml serum-free medium and kept for 5 min). Subsequently, A and B solutions were mixed gently and allowed to stand at room temperature for 15-45 min. The cells were washed with 2-ml serum-free medium, followed by addition of a serum-free medium (0.8 ml/well). Afterwards, the liposomal complex was dropped into the wells, gently shaken, and incubated at 37°C in the CO 2 incubator for 20-24 h. After incubation for 24 h, the expression of green fluorescent protein was observed under an M30C fluorescence microscope (Shanghai Wan Heng Precision Instrument Co., Shanghai, China). Two expression areas were subsequently selected and photographed, and the mean value was obtained. The transfection efficiency = the number of fluorescent cells/total cell number in the view field.
Cell transfection and grouping
The rats were divided into six groups, namely the control group (normal rats, no treatment), the blank group (model rats, no treatment), the negative control group (NC group, model rats transfected with NC plasmid), the siKSR1 group (transfected with KSR1-siRNA plasmid), the U0126 group (injected with U0126, a MAPK inhibitor), and the siKSR1 + U0126 group (transfected with KSR1-siRNA plasmid and injected with U0126), with eight rats in each group. Subsequently, 20-μg NC plasmid, 20-μg KSR1-siRNA plasmid which was diluted in RNase-free water to give a final concentration of 5 μg/μl, and 3.2-μl in vivo-jetPEITM (PT-201-10G; Polyplus Transfection, Illkirch, France) were added into a 5% glucose solution in order to make a 50-μl of transfection complex, which was then incubated at room temperature for 15 min. The rats in the control group and the blank group were injected with a 5% glucose solution, and the rats in the siKSR1 + U0126 group were injected with 20 μg plasmid by tail vein injection. All plasmids were purchased from Dharmacon Corporation (Lafayette, USA).
Neurological severity assessment
Neurological severity score (NSS) has a five-point standard referring to Longa: if the rats show no neurological impairment, zero-point is recorded; if the rats cannot stretch their contralateral forepaw, 1 point is recorded; if the rats rotate to the hemiplegia, two points are recorded; if the rats fall to the hemiplegia side, 3 points are recorded; and if the rats cannot walk spontaneously and lose consciousness, 4 points are recorded. The scores of 1-3 points indicate the successful establishment of an I/R model. In this study, the initial NSS was calculated immediately after successful model establishment. The NSS was counted at 24 h, 48 h, and 72 h, respectively.
Hematoxylin-eosin staining
Twenty-four hours after model establishment, three rats were randomly selected from each group to undergo an intraperitoneal injection of 5% pentobarbital sodium (45 mg/kg) for anesthesia. The right kidney was subsequently removed and rinsed with normal saline. A part of the kidney tissue was stored in a −80°C freezer for mRNA extraction, and another part was fixed in 10% neutral formalin, embedded in wax and made into 3-μm sections. Subsequently, the sections were dewaxed twice by xylene, and dehydrated by 100% ethanol (5 min), 90% ethanol (2 min), and 70% ethanol (2 min). After a 2-min washing with distilled water, the sections were stained for 7 min using hematoxylin (BRP123; Bersee, Beijing, China), washed with tap water for 10 min, rinsed again by distilled water, dehydrated for 5 s by 95% ethanol, and then stained for 1 min by eosin (BRP123). Subsequently, the sections underwent gradient ethanol hydration with ethanol concentrations of 100%, 95%, 75%, and 50% (2 min × 2), followed by cleaning with xylene (5 min × 2). Finally, the sections were dried, sealed in neutral balsam, and observed and photographed under a microscope (Olympus, Tokyo, Japan).
Immunohistochemistry assay
The tissue sections were placed in a 60°C incubator, conventionally dewaxed by xylene, dehydrated by gradient ethanol, soaked in 3% H 2 O 2 for 10 min, and washed three times with distilled water. Subsequently, antigen repair was carried out using 1-3 min of highpressure treatment, and the sections were placed in a cold water bath, cooled to room temperature, and washed twice with 10 mM PBS (pH 7.4). Subsequently, a 10% normal goat serum sealing solution (Beijing ComWin Biotech Co., Beijing, China) was added onto the sections and incubated for 20 min at room temperature. After the excess liquid was removed, the sections were incubated with monoclonal rabbit anti-KSR1 antibody (1:200, ab68483; Abcam, Cambridge, USA) in a humid box at 4°C overnight, and then incubated with a working solution of biotin-labeled goat anti-rabbit IgG secondary antibody (1:200, ab6721; Abcam) at 37°C for 1 h. Subsequently, horseradish peroxidase (HRP)-labeled streptavidin was added (1:100, E030100; Beijing Hongyuechuangxin Technology Co., Beijing, China) onto the sections and incubated at 37°C for 1 h before the sections were stained for 10 min using a diaminobenzidine (DAB) kit (ab64238; Abcam). Negative cells showed no color; weak positive cells were light yellow; moderately positive cells were brown; and strongly positive cells were deep brown, when observed under the microscope [21] . Five different random fields were selected for each section under an inverted microscope (XDS-800D; Shanghai Caikang Optical Instrument Co., Shanghai, China). The number of KSR1 positive cells was then counted and the positive expression rate of KSR1 in each group was calculated as follows: Positive expression rate = number of positive cells/total number of cells.
Enzyme-linked immunosorbent assay
The levels of tumor necrosis factor-α (TNF-α), interleukin (IL)-6, IL-1β, and 47-kDa heat-shock protein (HSP47) in serum were detected by using Enzyme-linked immunosorbent assay (ELISA) kits (EnzymeLinked, Shanghai, China). In brief, antibodies against TNF-α, IL-6, IL-1β, and HSP47 were diluted to 1-10 μg/ml in a coating buffer, and 0.1 ml of the solution was added into each well and incubated overnight at 4°C. On the next day, the plate was washed three times, and 0.1 ml of supernatant at a certain dilution was added into each well. Subsequently, the plate was incubated at 37°C for 1 h and washed. At the same time, blank, negative and positive wells were also setup in the plate. After incubation, 0.1 ml freshly diluted (1:10,000) HRPconjugated secondary antibody (Abcam) was added into each well and the plate was further incubated at 37°C for 35-60 min. After wash with ddH 2 O (PER 018-1; Beijing Dingguochangsheng Biotechnology Co., Beijing, China), 0.1 ml of freshly made Tetramethylbenzidine (TMB) (EL0001; InnoReagents, Huzhou, China) substrate solution was added into each well and the plate was incubated at 37°C for 10-30 min, followed by the addition of 50 μl termination solution into each well to stop the reaction. Finally, the optical density (OD) in each well was measured at a wavelength of 450 nm with a microplate reader (BioRad, Hercules, USA).
Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling assay
The kidney tissues collected from each group were stained according to the instructions of the terminal deoxynucleotidyl transferasemediated dUTP nick end labeling (TUNEL) kit (C1086; Beyotime, Shanghai, China) to observe the status of cell apoptosis. In brief, the paraffin sections were dewaxed by conventional xylene treatment, rehydrated by gradient alcohol, soaked in 3% H 2 O 2 solution at room temperature for 10 min, washed for 5 min with PBS, and incubated with 20 μg/ml proteinase K (P6556; Sigma-Aldrich, St Louis, USA) for 20 min at room temperature to remove proteins from the sections. Sections were then washed three times with PBS and treated for 30 min with citrate to repair antigens. Subsequently the sections were washing twice with PBS and incubated with 50 μl of TdT enzyme solutions (Sigma) at 37°C for 1 h in the dark. A reaction solution containing no TdT enzyme was used for NC staining. After three times of wash with PBS (5 min each time), the sections were incubated with 50 μl of HRP-labeled anti-digoxigenin antibody (Sigma) for 30 min at 37°C in a humid box, and then washed three times with PBS, followed by incubation with a 4′,6-diamidine-2-phenylindole solution (C1002; Beyotime) at room temperature for 10 min. Finally, after wash with PBS, the sections were mounted in neutral balsam, observed, and photographed under a fluorescence microscope (BX53; Olympus). The cells with brown nuclei were considered as positive apoptotic cells. Ten view fields were randomly selected and the percentage of positive cells was calculated as the apoptosis index.
Reverse transcription-quantitative polymerase chain reaction
The kidney tissues from rats in each group were frozen in liquid nitrogen and evenly ground to a fine powder. The total RNA was extracted using Trizol reagent (15596-018; Invitrogen, Carlsbad, USA), and the concentration and purity of RNA were determined. The sample RNA was reversely transcribed into cDNA using a Primescript TMR Reverse Transcription Kit (RRO37A; TaKaRa, Dalian, China The reaction cycles included 4 min of pre-denaturation at 95°C, followed by a total of 40 cycles of denaturation at 94°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 1 min. At the end of qPCR, a 7-min extension cycle was performed at 72°C. During qPCR, β-actin was used as the internal reference. All primers were designed and synthesized by Wuhan Bojie Bioengineering Company (Wuhan, China) ( Table 2 ). The value of 2 −ΔΔCt represented the ratio of the gene expression in the experiment group to that in the control group, and was calculated using the following formula: ΔΔCt = ΔCt experiment group − ΔCt control group and ΔCt = Ct target gene − Ct β-actin , where Ct was the number of amplification cycles when the fluorescence intensity of the reaction reached a set threshold. Each experiment was repeated three times.
Western blot analysis
The kidney tissues from the rats in each group were frozen with liquid nitrogen, ground into a uniform and fine powder, suspended in a lysis buffer (C0481; Sigma-Aldrich), and centrifuged (7500 g) at 4°C for 15 min to collect the supernatant. The bicinchoninic acid (BCA) kit (Thermo, Massachusetts, USA) was used for protein quantification. Subsequently, the samples were mixed with a loading buffer, boiled at 100°C for 5 min, washed in an ice bath, centrifuged, and then loaded onto a 10% SDS-PAGE. After electrophoresis, the proteins in the gel were transferred onto a nitrocellulose membrane which was then blocked by 5% skimmed milk powder overnight at 4°C. Subsequently, the primary antibodies from Abcam, i.e. rabbit anti-rat KSR1 antibody (1:200, ab68483), N-ras antibody (1:500, ab13556), Raf-1 antibody (1:1000, ab32360), TNF-α antibody (1:2000, ab6671), IL-6 antibody (1:1000, ab100772), and Bcl-2 antibody (1:2000, ab32124), as well as antibody against cleaved caspase-3 (1:1000, ab13847), cleaved caspase-9 (1:1000, ab25758), and p53 (1:1000, ab26), were added onto the membrane and incubated overnight. After three times of wash with PBS at room temperature, the membrane was incubated with HRPlabeled goat anti-rabbit IgG secondary antibodies (1:2000, ab80948; Abcam) at 37°C for 1 h. Subsequently, the membrane was washed three times with PBS and then completely immersed in a chemiluminescence (ECL) reaction solution (WBKLS0500; Pierce, Rockford, USA). The results were observed and photographed after developing the membrane in a darkroom. The ratio of the gray value of the target band to that of the internal reference band was used as the relative expression of each protein.
Statistical analysis
All data analysis was conducted using SPSS 22.0 software (IBM Corp., Armonk, USA). All measurement data were displayed as the , kinase suppressor of ras 1; N-ras, neuroblastoma ras oncogene; Raf-1, v-raf-1 murine leukemia viral oncogene homolog 1; TNF-α, tumor necrosis factor-α; IL-6, interleukin 6; Bcl-2, B-cell leukemia/lymphoma-2; F, forward; R, reverse; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
mean ± standard deviation. The data were tested for normal distribution using the D'Agostino & Pearson omnibus normality test. Differences between two groups were compared using Tukey post hoc test, while differences among multiple groups were compared using one-way analysis of variance (ANOVA), which was only applicable for data with a normal distribution. Data not following a normal distribution were analyzed using Dunn's multiple comparison post hoc test and Kruskal-Wallis test. A value of P < 0.05 was considered to be statistically significant.
Results
The siKSR1-1 group had the highest transfection efficiency
The serial dilution showed that the titer of concentrated lentiviral vector was 5.25 × 10 8 TU/ml, indicating successful virus coating.
Fluorescence microscope was used to observe the efficiency of cell transfection. After 72 h of cell transfection, fluorescent signals were clearly observed under the fluorescence microscope. The transfection efficiency was calculated to be 84.3% ± 3.1% in the NC group, 95.8% ± 4.4% in the siKSR1-1 group, 85.1% ± 4.1% in the siKSR1-2 group, and 85.8% ± 3.2% in the siKSR1-3 group (Fig. 1 ).
siKSR1-1 was selected for gene silencing
Subsequently, in order to clarify whether siKSR1-1 could be used for the subsequent transfection, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed and the results demonstrated the lowest KSR1 expression in the siKSR1-1 group (P < 0.05; Fig. 2 ) which was then selected for the gene silencing experiments.
KSR1 knockdown improved nerve functions in rats with I/R injury
After model establishment, two rats died and one rat was scored 0 point. Therefore, the successful rate of modeling was 94.2%. In order to show the effects of KSR1 knockdown on nerve function in rats with I/R injury, we used NSS. There was a significant difference between normal rats and model rats (P < 0.05), and the neurologic impairment of model rats was gradually alleviated over time (P > 0.05).
As compared with the blank group, no remarkable difference was present in the NC group, while the neurologic impairment alleviated in the siKSR1 group and the U0126 group (P < 0.05). In addition, NSS changed most in the siKSR1 + U0126 group and basically recovered to normal values after 72 h (P < 0.05; Table 3 ), suggesting a synergistic effect of KSR1 silencing and U0126 on ameliorating nerve function in rats with I/R injury.
KSR1 knockdown induced modest histopathological changes in rats with I/R injury
Hematoxylin-eosin (HE) staining was conducted to observe the histopathological changes in rats of I/R injury after KSR1 knockdown. As shown in Fig. 3 , the blank group and the NC group showed a relatively pale cortex and obvious hyperemia in medulla compared with the control group. Under the light microscope, necrosis was observed in some RTECs, luminal inflammatory exudation, cellular cast in some distal tubes, renal interstitial anapetia, hyperemia, inflammatory cell infiltration, and inconspicuous glomerular lesions. Compared with the blank group and the NC group, the siKSR1 group, the U0126 group and the siKSR1 + U0126 group showed alleviated symptoms, particularly in the siKSR1 + U0126 group. It could be concluded that KSR1 knockdown, in cooperation with U0126, reduced the symptoms of I/R injury.
KSR1 was highly expressed in rats with I/R injury
To clarify the expression pattern of KSR1 in rats with I/R injury, immunohistochemistry assay was performed. As demonstrated in positive granules showing a brownish yellow color. As compared with the control group, the blank, NC, siKSR1, U0126, and siKSR1 + U0126 groups all showed increased KSR1 expression (P < 0.05). As compared with the blank and NC groups, the siKSR1 group and the siKSR1 + U0126 group showed significantly decreased KSR1 expression (P < 0.05), while no remarkable difference was found in the U0126 group (P > 0.05). Thus, siKSR1 plus U0126 decreased the positive expression of KSR1 in rats with I/R injury.
KSR1 knockdown decreased the levels of TNF-α, IL-6, IL-1β and HSP47
ELISA was employed to determine the effects of KSR1 knockdown on the protein levels of TNF-α, IL-6, IL-1β, and HSP47 in rats with I/R injury. As shown in Tables 4-6 , the levels of TNF-α, IL-6, IL-1β, and HSP47 were increased significantly (P < 0.05) in the blank, NC, siKSR1, U0126, and siKSR1 + U0126 groups compared with the control group (at 24 h, 48 h, and 72 h). As compared with the blank and NC groups, the siKSR1, U0126, and siKSR1 + U0126 groups showed decreased levels of TNF-α, IL-6, IL-1β, and HSP47 (P < 0.05), and such decrease was especially significant in the siKSR1+ U0126 group (P < 0.05). Therefore, it could be concluded that KSR1 silencing in combination with U0126 decreased the levels of TNF-α, IL-6, IL-1β, and HSP47.
siKSR1 plus U0126 inhibited cell apoptosis TUNEL assay was used to measure cell apoptosis and to investigate the anti-apoptosis role of siKSR1. As shown in Fig. 5 , cell apoptosis was increased significantly (P < 0.05) in the blank, NC, siKSR1, U0126, and siKSR1 + U0126 groups compared with the control group. As compared with the blank and NC groups, the siKSR1, U0126, and the siKSR1 + U0126 groups showed decreased cell apoptosis (P < 0.05), while the siKSR1 + U0126 group was associated with the lowest level of cell apoptosis (P < 0.05). These findings suggested a synergistic effect of KSR1 knockdown and U0126 in preventing cell apoptosis.
KSR1 knockdown decreased the mRNA expression of N-ras, Raf-1, c-fos, TNF-α, IL-6, and p38 MAPK while increasing the mRNA expression of Bcl-2
In order to evaluate the effects of KSR1 knockdown on the Ras/ MAPK pathway, RT-qPCR was used to detect the mRNA Figure 3 . Histopathological changes detected by HE staining in the six groups A relatively pale cortex and an obvious hyperemia in medulla were observed in the blank and NC groups, which presented with necrosis in some RTECs, luminal inflammatory exudation, cellular cast in some distal tubes, renal interstitial anapetia, hyperemia, inflammatory cell infiltration, and inconspicuous glomerular lesions. The siKSR1, U0126, and siKSR1+U0126 groups showed alleviated symptoms, particularly in the siKSR1+U0126 group. Magnification, × 400. The statistical values included measurement data, presented as the mean ± standard deviation, and compared with one-way ANOVA (n = 5). The experiment was repeated three times. NC, negative control; TNF-α, tumor necrosis factor-α; IL, interleukin; HSP47, 47-kDa heat-shock protein. The statistical values included measurement data, presented as the mean ± standard deviation, and compared with one-way ANOVA (n = 5). The experiment was repeated three times. NC, negative control; TNF-α, tumor necrosis factor-α; IL, interleukin; HSP47, 47-kDa heat-shock protein. and compared with one-way ANOVA (n = 5). The experiment was repeated three times. NC, negative control; TNF-α, tumor necrosis factor-α; IL, interleukin; HSP47, 47-kDa heat-shock protein.
expressions of N-ras, Raf-1, c-fos, TNF-α, IL-6, Bcl-2, and p38 MAPK. As demonstrated in Fig. 6 , all other groups showed increased mRNA expressions of N-ras, Raf-1, c-fos, TNF-α, IL-6, and p38 MAPK (P < 0.05) but decreased expression of Bcl-2 mRNA (P < 0.05) compared with the control group. As compared with the blank and NC groups, the siKSR1, U0126, and siKSR1 + U0126 groups showed decreased mRNA expressions of N-ras, Raf-1, c-fos, TNF-α, IL-6, and p38 MAPK (especially in the siKSR1 + U0126 group, P < 0.01), but increased mRNA expression of Bcl-2 (P < 0.05). In addition, the siKSR1 group and the siKSR1 + U0126 group showed significantly decreased mRNA expression of KSR1, while the U0126 group showed no remarkable difference (P > 0.05). The above results showed that the activation of Ras/MAPK pathway was suppressed by KSR1 silencing plus U0126.
KSR1 knockdown decreased the protein levels of N-ras, Raf-1, c-fos, TNF-α, IL-6, and p38 MAPK but increased the protein level of Bcl-2
To further evaluate the effects of KSR1 knockdown on the Ras/ MAPK pathway, western blot analysis was used to measure the protein levels of N-ras, Raf-1, c-fos, TNF-α, IL-6, Bcl-2, p38 MAPK, cleaved caspase-3, cleaved caspase-9, and p53. As demonstrated in Fig. 7 , all other groups showed increased protein levels of N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, cleaved caspase-3, cleaved caspase-9 and p53 (P < 0.05), but a decreased protein level of Bcl-2 (P < 0.05) compared with the control group. As compared with the blank and NC groups, the siKSR1 group and the U0126 group showed decreased protein levels of N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, cleaved caspase-3, cleaved caspase-9 and p53, but an increased protein level of Bcl-2 (P < 0.05). In addition, the siKSR1 + U0126 group showed the most remarkable decrease in the protein levels of N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, cleaved caspase-3, cleaved caspase-9 and p53 (P < 0.01). Finally, the level of KSR1 protein was significantly declined in the siKSR1 and siKSR1 + U0126 groups (P < 0.05). These findings suggested that KSR1 knockdown plus U0126 inhibited the activation of the Ras/MAPK pathway.
Discussion
I/R induced renal injury involved the complex interaction of many mediators and inflammation factors [4] . In addition, renal tubular cells were also known to contribute to the regulation of renal cell number upon renal injury [22] . One study demonstrated that the molecular scaffold KSR1 modulated the duration and intensity of ERK activation in cells to regulate their oncogenic and proliferative potential [23] . Therefore, in this study, we used a rat model of I/R injury to investigate how lentiviral vector-mediated KSR1 gene silencing influences the expressions of inflammatory factors. Compared with the control group, all other five groups showed increased levels of TNF-α, IL-6, IL-1β, HSP47, N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, and cell apoptosis, accompanied by a declined mRNA and protein level of Bcl-2. I/R injury is a systemic inflammatory response involving the release of numerous inflammatory cytokines [24] . Accumulated evidence demonstrates that TNF-α exerts great effects on I/R injury, while the modulation of TNF-α expression can be used as a novel strategy in the treatment of I/R injury [25] . In addition, TNF-α is one of the most important inflammatory cytokines and its level is relatively low in myocardial tissues under general conditions, while damaged cells can release a large amount of TNF-α after myocardial I/R injury [24] . As proinflammatory cytokines, TNF-α, IL-6, and IL-18 are released upon I/R induction and play an extremely important role in the pathogenesis of I/R [26] . It was found that TNF-α was released at the initial stage of I/R and its level was closely related to the prognosis and severity of the disease [27] . Furthermore, myocardial I/R resulted in a notable increase in serum IL-6 [28] . HSP47, one of collagen-binding stress proteins located in the endoplasmic reticulum, is considered to exert chaperone-like effects specific to procollagen biosynthesis [29] . It can also be used in the regulation of wound healing [30] . The expression of c-fos proto-oncogene is often triggered by numerous stimuli, some of which function via cAMP-dependent protein kinase (PKA) or Ras/Raf/MAPK pathways [31] . The Bcl-2 protein family can regulate cell apoptosis, which is essential for tissue immunity and homeostasis [32] .
As compared with the blank and NC groups, the siKSR1, U0126, and siKSR1 + U0126 groups showed decreased levels of TNF-α, IL-6, IL-1β, HSP47, N-ras, Raf-1, c-fos, TNF-α, IL-6, p38 MAPK, apoptosis-associated proteins (cleaved caspase-3, cleaved caspase-9, and p53), and cell apoptosis, accompanied by an increased mRNA and protein level of Bcl-2. A previous study indicated that extracellular signals could induce cell proliferation by regulating the activity of transcription factors via protein phosphorylation cascades [33] and certain transcription factors, including c-Fos and c-Jun, which are substrates for MAPK [34] in the nucleus. The activated MAPK, as previously shown, increased c-Fos and c-Jun in vascular smooth muscle cells [35] . KSR1 was found to translocate with activated Ras from cytoplasm to plasma membrane, where it formed a complex containing Raf-1, MEK1, and 14-3-3 protein, which in turn led to the activation of Raf-1, thus highlighting its effects as a scaffold in the MAPK pathway [36, 37] . MAPK is also involved in the activation of Ras-Raf-1-MAPK pathway by activating tyrosine kinase receptors [35] . In addition, as an active kinase, the autophosphorylation of KSR1 is remarkably increased by TNF-α and ceramide, thus increasing its ability to activate and phosphorylate Raf-1 [38] . An in vitro study also demonstrated that KSR1 is required by H-RasV12 to optimize ERK1/2 activation and transformation [23] . Expression of Bax, cleaved caspase-3 and p53 was often observed in malignant canine mammary tumors [39] . IR induces caspase-3-mediated proteolytic cleavage of MEKK1 and increases the transcriptional activity of p53 via JNK-independent mechanisms, which in turn may contribute to pathological outcomes associated with IR injury, such as myocyte apoptosis [40] . Consistent with the previous in vitro findings, the disruption of KSR1 reduced ERK1/2 activation and tumor formation in mammary epithelial cells [41] . All these results demonstrated that KSR1 silencing inhibited the expression of inflammatory factors via the Ras/MAPK pathway.
In this study, the siKSR1, U0126, and siKSR1 + U0126 groups all showed increased RTEC proliferation and decreased RTEC apoptosis. It has been found that the inhibition of KSR1 expression by specific small hairpin RNA inhibits both proliferation and anchorageindependent cell growth of endometrial cancer cells [42] . As a scaffold protein in the RAS/RAF/MEK/MAPK pathway, KSR1 regulates the intensity and duration of MAPK cascade activation [43] . In chronic neutrophilic leukemia, weakened MAPK signaling leads to reduced cell proliferation and accelerated cell apoptosis via the ablation of KSR1 [44] . Therefore, small-molecule inhibitors targeting MAPK have already been used in some cancer therapies. For example, we have evaluated the role of U0126, an ERK1/2 (MAPK kinase) inhibitor, in the proliferation and apoptosis of cervical cancer cells, and found that ERK1/2 increases the proliferation of cervical cancer cells, suggesting that ERK1/2 inhibitors may be useful in the treatment of cervical cancer [45] . Thus, we conclude that KSR1 silencing and U0126 treatment may enhance RTEC proliferation and suppress RTEC apoptosis.
In conclusion, our study demonstrated that lentiviral vectormediated KSR1 gene silencing inhibited the expression of inflammatory factors in RTECs and promoted their proliferation by inactivating the Ras/MAPK pathway in the rat model of I/R injury. However, due to limited data, further experiments are required to confirm the above conclusions. 
